Purpose. Entero-aggregative Escherichia coli (EAEC) is one of the main causes of diarrhoea worldwide. Several virulence factors have been identified in EAEC. This study was conducted to investigate the distribution of virulence factor genes in EAEC strains isolated in Iran from children with diarrhoea, as well as the genetic similarity of these isolates.
INTRODUCTION
Entero-aggregative Escherichia coli (EAEC) has been associated with travellers' diarrhoea and persistent paediatric diarrhoea in industrialized and developing countries and chronic diarrhoea in patients infected with human immunodeficiency virus [1] . Several outbreaks of diarrhoea due to EAEC have been reported in Japan, South Korea and Italy [2] [3] [4] . EAEC strains are characterized by their ability to adhere to HEp-2 cells in a 'stacked-brick' aggregative adherence pattern [5] . Various adhesions, toxins and proteins have been characterized in different EAEC strains. However, the distribution of their encoding genes is extremely variable among strains isolated from different geographic locations [6, 7] . Aggregative adherence (AA) to the intestinal mucosa is the first step in the pathogenesis of diarrhoea due to EAEC [8] . The aggregative adherence pattern has been shown to be associated with a 60 MDa plasmid (pAA). This plasmid contains several genes that encode proteins involved in the virulence of EAEC, including aggregative adherence fimbriae and toxins. A DNA probe, CVD432 from the pAA plasmid, has been extensively used for the detection of EAEC by hybridization [9, 10] . Aggregative adherence fimbriae (AAFs) are the major mucosal adhesions of EAEC, which include at least four main variants. The four structural subunits are encoded by aggA (AAF/I), aafA (AAF/II), agg3A (AAF/III) and agg4A (AAF/IV). AAFs have been shown to be regulated by the transcriptional AraC/XylS activator aggregative adherence regulator (aggR) [11] . Based on the presence or absence of the transcriptional regulator aggR, EAEC strains are classified into typical and atypical groups, respectively [12] . Other EAEC virulence factors not under AggR control are the EAEC heat-stable toxin 1, encoded by the astA gene, and a family of bacterial toxins, called serine protease autotransporters of Enterobacteriaceae (SPATEs) [11] . SPATEs comprise a diverse group of trypsin-like serine proteases, which are produced by all of the diarrhoeagenic E. coli pathotypes and uropathogenic E. coli and Shigella strains [1] . SPATEs have been categorized phylogenetically into two classes. Class 1 SPATEs are cytotoxic to epithelial cells, including toxins such as plasmid encoded toxin (Pet) and its 2 homologues, Shigella IgA-like protease homologue (SigA) and secreted autotransporter toxin (Sat). Class 2 SPATEs are noncytotoxic and include the protein involved in colonization (Pic), a mucinase that facilitates intestinal colonization and Shigella extracellular protease (SepA), which has been shown to be involved in tissue invasion [11, 13, 14] . Importantly, none of these virulence factors have been detected in any EAEC isolates, and no single factor has been solely implicated in EAEC virulence [14] .
In recent years, several molecular typing methods such as pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST) and multilocus variable-number tandem-repeat analysis (MLVA) have been used for determining the genetic relatedness among diarrhoeagenic E. coli [6, [15] [16] [17] [18] . Although PFGE is still considered the gold standard for molecular typing and source tracking of foodborne pathogens, it is expensive, time consuming, often difficult to interpret, and generally requires rigorous standardization [19] . In contrast to PFGE, MLVA is a PCRbased method which is easy to perform, rapid and relatively inexpensive [13] . Currently the MLVA typing system has been described for genotyping of E. coli, E. coli O157 and shigella strains [20] .
Several studies have been carried out to investigate the prevalence of EAEC strains from different parts of the world, including Iran; however, few studies have investigated the distribution of virulence genes and genetic diversity among EAEC isolates. Therefore, the present study aimed to investigate the distribution of various virulence genes in EAEC strains isolated from children in Iran with diarrhoea. In addition, we used MLVA to examine the diversity and relatedness of these isolates.
METHODS
Patients and bacterial isolation A total of 540 stool specimens were collected from children ( 10 years old) with diarrhoea over a 17-month period (September 2013 to January 2015). The stools were immediately cultured on MacConkey agar and E. coli isolates were identified using standard biochemical tests, including the oxidase test, indole production, carbohydrate utilization on triple sugar Iron agar, hydrogen sulfide production, methyl red/Voges-Proskauer reaction, urease production.
Identification of EAEC isolates
EAEC isolates were detected by duplex-PCR assay with the primers aggR and CVD432 [21] . The PCR template for EAEC detection was prepared by boiling [21] . Mastermix (Ampliqon, Denmark) was used and the reaction was performed according to the manufacturer's instructions. Amplification was carried out in a thermocycler (Biometra-T gradient, Germany). Cycling conditions were as follows: initial denaturation at 94 C for 5 min, followed by. 30 cycles of 94 C for 40 s, 56 C for 40 s, and 72 C for 45 s, and a single final extension at 72 C for 10 min. The isolates were then stored at À70 C in 30 % glycerol until further testing.
PCR assay for detection of virulence factor genes All EAEC strains were tested for the presence of the astA, set1A, set1B, aggA, aafA, agg3A and agg4A. All primers and PCR conditions were the same as those used in previous studies [15, 21] . The presence of SPATEs genes, including sat, pic, sigA and sepA, were investigated by multiplex PCR according to the method of Boisen et al. [1] .
Genotyping of EAEC strains by MLVA analysis
The following seven VNTR loci were chosen: ms06, ms07 (CVN001), ms09, ms11, ms21, ms23 and ms32. PCR was then carried out according to a method previously described [17] . After completion of PCR, the size of each amplicon was determined on a 1.5 % agarose gel and the number of repeats was estimated using the criteria of Gorge et al. [22] . Data were entered into Microsoft excel and analysed with Bionumerics software (Applied Maths, Saint-MartensLatem, Belgium). In our study, any difference in one or more VNTR loci was regarded as a distinct type, and a genetic similarity of 50 % was used as the cut-off value for clustering. Clonal complex (CC) is defined as a group of allelic profiles in which every profile shares at least five of seven identical alleles with at least one other member of the group, and singletons were defined as allelic profiles that were not grouped into CCs.
RESULTS

Detection and characterization of EAEC
A total of 37 EAEC were isolated from diarrhoeic children in south-eastern Iran. All of them were positive for aggR and CVD432. The frequency and distribution of virulence factors are shown in Fig. 1 . A total of 30 different virulence gene profiles were observed among EAEC isolates. Of the 37 isolates of EAEC tested, 35 (94.6 %) were positive for one or more SPATE genes, including members of class I (Pet, Sat, SigA) and/or class II (Pic, SepA). The most prevalent SPATEs among the EAEC strains were pic 20 (54.1 %) and sat 16 (43.2 %). The least common SPATEs were sigA 3 (8.1 %) and sepA 7 (18.9 %). The pet gene was found in 9 (24.3 %) strains. The most predominant AAF gene was agg4A 9 (24.3 %), followed by agg3A 5 (13.5 %), aggA 3 (8.1 %) and aafA 2 (5.4 %). In total 19 isolates (51.3 %) were positive for known AAF variants. Nineteen (51.4 %) isolates harboured set1A and set1B and (12) 32.4 % carried astA.
MLVA assay
MLVA based on a set of seven VNTR loci was performed to type the 37 EAEC isolates, which were separated into 32 distinct MLVA types. As shown in Fig. 2 , five clonal complexes (CCs) and six singletons were obtained based on a minimum spanning tree (MST). Also, the UPGMA dendrogram divided the EAEC isolates into six main clusters with a cut-off value of 50 % (Fig. 1) .
Despite relatively high genetic diversity, the distribution of certain virulence genes in each cluster was not random. All cluster A isolates possessed astA and the majority were positive for genes set1A and set1B. All isolates in this cluster were negative for all AAF fimbrial determinants. All isolates in cluster B contained set1A, set1B, pic, sepA and agg4A. The isolates in cluster E were positive for only a few virulence genes.
DISCUSSION
All 37 EAEC isolates were typical, as they carried both CVD432 and aggR. Although outbreaks of atypical EAEC have been reported in Serbia and Japan [2, 23] , typical EAEC strains are believed to be more virulent than the atypical EAEC strains, since the aggR regulon comprises several virulence factors [12] . In one study, the prevalence of the EAEC strains carrying aggR was significantly greater in the diarrhoeal group than in the control group, while there was no difference in the prevalence of AggR-negative EAEC strains between the two groups [24] . Moreover, in two other studies the isolation of AggR-positive EAEC was significantly higher in the diarrhoeal group than in the controls [25, 26] . In this study pic and sat were the predominant SPATE genes among the EAEC strains, as reported in previous studies [12, 14, 21, 27] . One study by Andrade et al. revealed that pic is statistically associated with typical EAEC [12] . Originally Pic, described in strains of Shigella flexneri 2a, was determined to cleave submaxillary mucin and to increase intestinal colonization [1] . Sat, initially described in uropathogenic E. coli strains, functions as a vacuolating cytotoxin and induces cytoskeletal perturbation in intestinal epithelium [1, 28] .
Eighteen and 24.3 % of isolates in our study carried genes sepA and pet, respectively. Boisen et al. found that SepA was strongly associated with diarrhoea among EAEC strains and that this toxin can be a useful marker in the detection of the most virulent strains [14] . Another study found an association between the pet gene and the occurrence of diarrhoea [29] . Interestingly, none of the isolates in our study harboured pet and sepA genes simultaneously, suggesting that neither of these genes per se determines the virulence of EAEC strains.
Based on PCR screening, SigA was the least prevalent SPATE among EAEC isolates, and similar results have been reported by other authors [1, 26, 27, 30] . Thus it is probable that SigA does not play a significant role in the pathogenesis of EAEC.
The prevalence of the AAF genes was low: 24.3 % for agg4A, 13.5 % for agg3A, 8.1 % for aggA and 5.4 % for aafA. These findings are in line with most other studies [5, 11, 14, 21, 24, [31] [32] [33] , although one study from Nigeria indicated the opposite result [34] . However, it should be considered that each EAEC isolate carries only one AAF subtype [5, 35] and in our study 51.3 % of EAEC isolates carried one of the AAF genes. In a study by Sarantuya et al., the prevalence of the AAF genes was relatively low; however, these genes were not observed in any of the control EAEC isolates, suggesting that these factors are crucial in the pathogenesis of EAEC [24] .
The prevalence of genes set1A, set1B and astA was relatively high. In two studies the EAEC genes astA and set1A were identified more frequently in the stools of patients with diarrhoea than in asymptomatic controls [25, 36] . The astA gene encodes the EAST-1 toxin, one of the primary virulence factors characterized in EAEC but now known to be found in other diarrhoeagenic E. coli [27] . Similar to astA, set1A was also found in other E. coli pathotypes [25] .
MLVA based on a set of seven VNTR loci was successfully used to type 37 EAEC isolates. Genotyping of EAEC isolates by MLVA revealed that these isolates were genetically heterogeneous, indicating that the great majority were not originated from a single clone, even within the geographically limited area of Kerman, Iran. Few strains in our study had an identical MLVA profile; however, this similarity may be due to homoplasy.
EAEC isolates found in this study were sporadic and the sources of infection were not identified. However, high genetic diversity among these strains was found, suggesting that the isolates might have originated from different sources.
As shown in Fig. 1 , isolates included in the same cluster had different virulence gene profiles, with few showing identical virulence gene patterns (cluster B). This may be due to the fact that many of the above-mentioned genes are carried on plasmids and can be spread by horizontal gene transfer. Furthermore, these plasmids are prone to loss or deletions [13, 27] .
In conclusion, this study supports the findings of prior studies suggesting that EAEC is a heterogeneous group of E. coli possessing a broad range of virulence factors, and the pathogenicity of these strains is not a consequence of specific virulence factors. Moreover, our results demonstrated that MLVA is a promising genotyping method for investigating the molecular epidemiology of diarrhoeagenic E. coli, due to its speed of analysis, ease of use, low cost and ability to produce numerical data that are readily transferable between laboratories.
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